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Patients with COVID-19 often complain of smell and taste disorders (STD). STD emerge early in the course of the
disease, seem to be more common in SARS-CoV-2 infection than in other upper respiratory tract infections, and
could in some cases persist for long after resolution of respiratory symptoms. Current evidence suggests that STD
probably result from a loss of function of olfactory sensory neurons and taste buds, mainly caused by infection,

inflammation, and subsequent dysfunction of supporting non-neuronal cells in the mucosa. However, the
possible occurrence of other mechanisms leading to chemosensory dysfunction has also been hypothesized, and
contrasting data have been reported regarding the direct infection of sensory neurons by SARS-CoV-2. In this
mini-review, we summarize the currently available literature on pathogenesis, clinical manifestations, diagnosis,
and outcomes of STD in COVID-19 and discuss possible future directions of research on this topic.

1. Introduction

Clinical manifestations of COVID-19 range from mild, cold-like
symptoms typically associated with respiratory tract infections, such
as cough and fever, to severe pneumonia with respiratory failure [1,2].
Frequently, patients also experience smell and taste disorders (STD)
[3-9]. These mainly consist of a decrease or loss of smell (hyposmia and
anosmia) and taste (hypogeusia and ageusia); alterations in the
chemesthesis-that is, the chemical sensitivity of mucosa to irritants-;
and/or variations in the quality of chemosensory perception (phantos-
mia and parosmia).

In this mini-review, we will discuss pathogenesis and clinical im-
plications of STD in COVID-19. Given that, to date, studies investigating
olfaction disorders largely outnumber those focusing on other chemical
senses, we will discuss the former with particular attention and provide
a brief overview of the current literature on the latter.

2. Physiology and pathogenesis
The sense of smell results from the interactions between a volatile

compound and the chemoreceptors expressed on the olfactory sensory
neurons. The olfactory sensory neurons are located at the top of the

nasal cavity and are surrounded by supporting cells, including susten-
tacular cells, microvillar cells, mucous-secreting Bowman'’s glands, and
stem cells. Upon activation of olfactory sensory neurons, the action
potential is transmitted to the olfactory bulb and subsequently to the
amygdala, the hippocampus, and the primary olfactory cortex. Alter-
ations at any point in this pathway may lead to olfactory disorders [10].

The perception of flavors is complex and involves the senses of taste
and smell as well as chemesthesis. The sense of taste requires the acti-
vation of gustatory receptors on the tongue, which receive innervation
from cranial nerves VII, IX, and X and recognize the five taste modal-
ities—that is, sweet, bitter, salty, sour, and umami. The gustatory cues,
however, are combined with the sensations provided by retronasal
olfaction to give rise to flavors [11]. Finally, chemesthesis contributes to
perception of certain food characteristics, such as spiciness or cold,
through sensitive afferents of the trigeminal nerve. As a result of the
olfactory-gustatory interactions underlying flavor perception, patients
often find it difficult to distinguish between ageusia or dysgeusia and
olfactory disorders, and therefore smell and taste symptoms are often
reported together [12].

Olfactory disorders could be distinguished into conductive and
sensorineural [13]. Conductive disorders are caused by a mechanical
obstacle that impedes the interactions between olfactory neurons and
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volatile compounds. In the context of an upper respiratory tract infec-
tion, this is due to the production of excessive mucus and/or to the
swelling of the respiratory epithelium mucosa. On the other hand,
sensorineural disorders result from injury of neuronal structures, most
often olfactory sensory neurons, or olfactory bulbs. Olfactory disorders
have been reported in infections caused by several respiratory viruses,
including coronaviruses [14,15]. They usually follow the onset of res-
piratory symptoms and are associated with inflammatory changes in the
respiratory mucosa and mucous discharge [16,17].

In contrast, COVID-19 patients usually report a loss of taste or smell
without nasal congestion or discharge [18,19]. These features suggest
that anosmia could possibly be the consequence of a localized impair-
ment of airflow conduction or of a sensorineural damage.

Of interest, imaging studies in SARS-CoV-2 infected subjects have
indicated a swelling and obstruction of respiratory clefts, which are the
narrow passages which allow inspired air to reach the olfactory
epithelium [20]. Indeed, a bilateral obstruction of respiratory clefts,
detected by computed tomography and magnetic resonance imaging,
has been reported in a young female patient with COVID-19 associated
anosmia without rhinorrhea [20]. A larger and more recent study
correlated magnetic resonance findings to objective evaluation of
olfaction in 20 patients with COVID-19, observing an impaired smell
detection associated with olfactory cleft obstruction in 95 % of patients;
interestingly, at the 1-month follow-up, the majority of patients recov-
ered from anosmia and resolved olfactory cleft obstruction [21].

Nevertheless, the development or persistence of anosmia after reso-
lution of respiratory symptoms [22], as well as the report of symptoms
such as phantosmia and parosmia, might be consistent with a sensori-
neural anosmia. The known neuroinvasive potential of other coronavi-
ruses [23] has led to the speculation that COVID-19-related anosmia
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could reflect direct infection, injury, and death of neuronal cells [19].

For cell infection, SARS-CoV-2 requires the binding to a surface cell
receptor for the spike protein, which is identified in the angiotensin
converting enzyme (ACE)-2 protein, and the proteolytic action of host’s
proteases like TMPRSS2 [24,25]. Recent single-cell RNA-sequencing and
immunostaining studies have demonstrated that ACE-2 is not expressed
by olfactory sensory neurons and olfactory bulbs mitral cells, although it
is expressed at a significant level by other supporting cells in the ol-
factory mucosa, including sustentacular and microvillar cells [24,26].
Viral infection of vascular pericytes (which express ACE-2) and/or
immune-mediated vascular damage in both olfactory mucosa and ol-
factory bulb have also been hypothesized as a possible cause of olfactory
impairment; indeed, a magnetic resonance microscopy study found ev-
idence of microvascular injury in the olfactory bulbs of COVID-19 pa-
tients [27]. SARS-CoV-2 infection could thus give rise to anosmia by
different, nonmutually exclusive mechanisms (Fig. 1) [26,28].

The lack of ACE-2 expression by olfactory sensory neurons argues
against their direct infection in COVID-19. However, the SARS-CoV-2
antigen has been detected in olfactory sensory neurons in a hamster
model of infection [29], but intranasal SARS-CoV-2 inoculation in ani-
mal models has not been consistently associated with identification of
viral antigens in brain tissue [30,31]. Of note, a recently published study
on post-mortem samples revealed the co-localization of a coronavirus
antigen and SARS-CoV-2 RNA in olfactory sensory neurons of patients
deceased with COVID-19. Intriguingly, viral RNA was also detected in
central nervous system areas not directly connected with olfactory
structures, arguing for a possible SARS-CoV-2 neurotropism [32].

In summary, the currently available evidence suggests that the most
likely cause of anosmia during COVID-19 is an altered function of ol-
factory sensory neurons, associated with the infection and death of
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Fig. 1. Possible pathogenesis of olfactory disorders in COVID-19. Olfactory disorders in COVID-19 may results from: 1) Infection and damage of supporting cells of
the olfactory epithelium, leading to inflammation and alterations in local homeostasis; 2) Infection or immune-mediated damage of endothelial cells and vascular
pericytes, leading to hypoperfusion and inflammation. In both cases, recruitment of inflammatory cells, cytokine release and generation of neurotoxic compounds
may indirectly influence the neuronal signaling. Olfactory cleft obstruction and possibly direct infection of neuronal cells may also occur. (Created with Bio-

render.com).
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supporting cells, microvillar cells, and vascular pericytes. However,
other inflammation-mediated mechanisms, involving focal mucosal
swelling and airflow obstruction could also possibly occur, and the hy-
pothesis of a direct infection of olfactory sensory neurons deserves
additional investigations.

Only limited data are available on the mechanisms involved in the
pathogenesis of taste disorders in COVID-19 [33]. Single cell
RNA-sequencing studies demonstrated that epithelial cells of the tongue
express ACE-2 receptors at a significant level, arguing for a possible role
of the buccal mucosa as an entry door for SARS-CoV-2 [34]. Of note, a
study on mouse model suggested no expression of ACE-2 in taste buds
but showed a considerable expression in epithelial cells of the basal
region of filiform papillae [35]. Thus it could be hypothesized that,
similarly to what suggested for olfactory disorders, the pathogenesis of
taste disorders in COVID-19 may involve indirect damage of taste re-
ceptors through infection of epithelial cells and subsequent local
inflammation.

3. Epidemiologic and clinical features

The proportion of COVID-19 subjects experiencing STD is consider-
able, around 41 % and 62 % according to two recent meta-analyses [36,
37]. STD are usually reported within three days from the beginning of
other COVID-19 manifestations [6,38] and have presented as the first
symptoms in up to one quarter of the cases [39].

The possible use of STD for diagnosis of SARS-CoV-2 infection in
subjects with clinical suspicion is an area of active research. Reporting
STD was associated with the highest odd-ratio of SARS-CoV-2 infection
in two large studies—one performed by the use of a smartphone app and
involving more than two million people, and the other that prospec-
tively followed a population of healthcare workers [40,41].
Self-reported STD in patients presenting at emergency departments with
respiratory symptoms had a low sensitivity (22 %) but a high specificity
(97 %) for the diagnosis of SARS-CoV-2 infection, which is similar to the
sensitivity and specificity reported for a history of close contact with a
confirmed COVID-19 case [4]. A recent, prospective diagnostic study
which evaluated olfactory function in a large cohort of patients prior to
COVID-19 testing confirmed these findings, reporting similar values of
sensitivity and specificity [42].

Indeed, STD could be useful in distinguishing COVID-19 from other
upper respiratory tract infections. A case-control study showed a higher
prevalence of STD in COVID-19 patients (39 %) compared to an age- and
sex-matched control cohort of patients with HIN1 influenza (12.5 %)
[18].

Thus, investigating the presence of STD may be helpful for identi-
fying subjects with cold-like symptoms who are likely to test positive for
SARS-CoV-2 and could prompt the testing of patients reporting no
symptoms of respiratory tract involvement [43].

The clinical evaluation of chemical senses alterations during COVID-
19 could be challenging. Most of the studies on STD have been carried
out by self-reporting questionnaires and phone interviews (i.e., subjec-
tive evaluations). These approaches, while enabling the evaluation of
large-scale cohorts of patients, are associated with predictable bias. Such
limitations can be overcome by using standardized tests (i.e., objective
evaluations) [44-46], where patients are asked to recognize a number of
odorants and/or foods [47]. In two different studies in which objective
evaluations of STD were used, the proportion of COVID-19 patients with
olfactory alterations was 73 % and 98 %, which is considerably higher
than what was observed in self-reported questionnaires [5,48]. A recent
meta-analysis confirmed these findings, reporting a prevalence of smell
disorders of 77 % by objective assessment but of only 44 % by subjective
evaluation [49].

Only few studies have explored taste and smell disorders separately,
mainly due to the olfactory-gustatory interactions underlying multi-
sensory flavor perception. Of note, in a study that investigated chemo-
sensory perceptions, 60 % of patients reported a selective decrease in
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one or more specific taste modalities, most often the gustation of salty
taste [50]. Further observations, possibly involving the use of objective
tests to evaluate gustation, are needed to address the potential clinical
interest of taste disorders in COVID-19.

While rarely used to investigate chemical senses disorders, imaging
studies could show pathological findings in several patients with STD.
Besides the aforementioned obstruction of respiratory clefts, brain
magnetic resonance may reveal bilateral olfactory bulbs’ hyperintensity
and enlargement in fluid-attenuated inversion recovery and T2 se-
quences. These features, which are coherent with the presence of local
edema and inflammation, intriguingly disappear after the resolution of
symptoms [51,52].

STD seem to not influence neither the clinical course of COVID-19
nor its severity. Although early reports suggested a milder course of
COVID-19 in subjects experiencing anosmia [53], larger cross-sectional
and case-control studies argued against this hypothesis, showing no
differences in the rate of hospitalization or in the severity of disease
between patients with and without STD [38].

The evolution and prognosis of STD in COVID-19 appears to be
favorable, but the timing of resolution may vary [54]. Median duration
has been reported to be around 10 days in subjects with mild COVID-19,
with a complete resolution of STD in 89 % of patients after 4 weeks from
diagnosis [55]. However, some observational studies have shown that a
more prolonged course could be possible [22], with about one-third of
subjects reporting only a partial improvement of STD 40 days after
diagnosis, and a small proportion (5%) reporting no improvement. A
loss of olfactory sensory neurons due to dysfunction of supporting cells,
inflammation-related apoptosis, or possibly direct infection could be
hypothesized in patients showing slow recovery from of STD [56]. In
this case, symptom resolution would occur after recruitment of olfactory
epithelium reserve stem cells. Distortions of olfaction such as parosmia
or phantosmia might emerge during this period due to the immaturity of
recently formed neuronal networks; however, these symptoms have
been rarely reported in COVID-19 [50].

Post-viral and post-traumatic STD could influence severely the
quality of life of affected subjects [57]. Few papers have explored this
topic in COVID-19; a recent preprint suggested that long-term lasting
alterations in chemicals senses after SARS-CoV-2 infection could have a
considerable impact on daily living [58]. Unfortunately, the treatment
of these conditions is challenging. Some benefit has been reported with
the use of systemic and local glucocorticoids [59] and with olfactory
training [60]. However, no data are available to date on the efficacy of
these measures in post—COVID-19 STD.

4. Conclusions

STD are frequent in COVID-19, appear early in the course of the
disease, and can be the only symptom of infection. Preliminary evidence
does not support a primary role for direct infection of olfactory sensory
neurons and taste buds in causing STD, suggesting that the loss of
function of such neuronal structures may rather be a consequence of the
infection of non-neuronal cells in the olfactory epithelium, oral mucosa,
and possibly the olfactory bulb. However, the contrasting data on the
penetration of SARS-CoV-2 in olfactory neurons highlight the need for
further investigations.

STD detection could be useful to identify and isolate patients with
suspected COVID-19, especially when the prevalence of undifferentiated
upper respiratory tract infection is high (e.g., winter months). Moreover,
the presence of chemosensory alterations could prompt SARS-CoV-2
testing in afebrile patients with no respiratory symptoms. The assess-
ment of STD by objective evaluations should be encouraged in both
research and clinical practice, given the substantial higher sensitivity
and lower risk of bias of these methods compared to subjective evalu-
ations. Moreover, differential assessment of taste and chemesthetic
functions may also be relevant.

Defining STD pathogenesis in COVID-19 could help to elucidate a
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possible mechanism of SARS-CoV-2 neuroinvasion and the relationship
with other central nervous system disorders during the disease. Finally,
a better knowledge of the mechanisms associated with STD could help in
developing new therapeutic options for subjects with long-lasting
impairment of taste and olfaction.
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